Description:
The Kidney Disease: Improving Global Outcomes (KDIGO) organization developed a clinical practice guideline in 2013 on lipid management and treatment of all adults and children with chronic kidney disease (CKD). All forms of CKD are included (non-dialysis-dependent, dialysis-dependent, and kidney transplant recipients).
Methods:
The KDIGO Lipid Guideline Development Work Group defined the scope of the guideline, gathered evidence, determined topics for systematic review, and graded the quality of evidence that had been summarized by an evidence review team. Searches of the English-language literature were conducted through August 2011 and supplemented by targeted searches through June 2013. Final modification of the guidelines was informed by the KDIGO Board of Directors and a public review process involving registered stakeholders.
Recommendations:
The full guideline includes 13 recommendations; a key element was the recommendation for statin or statin with ezetimibe treatment of adults aged 50 years or older with estimated glomerular filtration rates less than 60 mL/min/1.73 m 2 but not treated with long-term dialysis or kidney transplantation. This synopsis focuses on 8 recommendations pertinent to assessment of lipid status and treatment with a statin-based regimen in adults.
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T he publication of several landmark clinical trials led the Kidney Disease: Developing Global Guidelines (KDIGO) organization to develop an updated Clinical Practice Guideline for Lipid Management in Chronic Kidney Disease. The updated guideline applies to all adults and children with chronic kidney disease (CKD), including those treated with dialysis or kidney transplantation.
The overall objective for the guideline is to inform the management of dyslipidemia and use of cholesterollowering medications in all adults and children with known CKD (defined by reduced estimated glomerular filtration rate [eGFR] or markers of kidney damage, such as abnormal albuminuria). The target audience of the guideline includes nephrologists, primary care physicians, nonnephrology specialists (such as cardiologists and diabetologists), clinical chemists, and other practitioners caring for adults and children with CKD worldwide. Within the guideline, implications for clinical practice, future research, and implementation in international settings are highlighted. The full guideline is available at www.kdigo.org and includes 13 recommendations. This synopsis focuses on 8 key recommendations pertinent to assessment of lipid status and treatment with a statin-based regimen in adults.
GUIDELINE DEVELOPMENT PROCESS, EVIDENCE GRADING, AND STAKEHOLDER AND PUBLIC CONSULTATION
The work group consisted of an international group of clinicians and researchers, including an international group of kidney specialists, diabetologists, cardiologists, epidemiologists, lipidologists, and a professional evidence review team. The work group formulated the scope of the guideline and graded evidence on the basis of the GRADE (Grading of Recommendations Assessment, Development and Evaluation) system as per KDIGO's usual practice (1) (Appendix Tables 1 and 2 , available at www.annals.org).
This guideline updates the 2003 Kidney Disease Outcomes Quality Initiative Clinical Practice Guidelines for Managing Dyslipidemias in Chronic Kidney Disease. The evidence review team did systematic reviews of randomized, controlled trials and systematic reviews for 6 topics of interest (Appendix Table 3 , available at www.annals.org). Systematic searches were last conducted in August 2011 and supplemented with additional evidence through June 2013. Evidence from the systematic reviews was summarized into GRADE evidence tables; no primary decision analysis or economic analysis was done to inform the guideline. Guideline development, evidence synthesis, and writing of the guideline itself were done by the work group; recommendation statements were developed by the work group with all decisions made by consensus. Full details of the guideline development process, topic discussion, and consensus development can be found in the published guideline. A summary of the classification scheme for CKD (on which the current recommendations are based) is found in the Appendix Figure (available at www.annals.org).
The draft guideline was reviewed by the KDIGO Board of Directors, and revisions were incorporated before a structured, Internet-based public review process. Feedback from this process was reviewed by the work group, and final revisions were incorporated before publication of the guideline. The order of recommendations in the guideline is based on the order used in the 2003 Kidney Disease Outcomes Quality Initiative publication and presents recommendations on assessment of lipid status before those related to treatment. Herein, we have presented recommendations related to treatment first to facilitate description of the chain of logic.
RECOMMENDATIONS RELATING TO PHARMACOLOGIC CHOLESTEROL-LOWERING TREATMENT IN ADULTS
To maximize the ratio of benefits to harms and costs, future coronary risk is considered an important potential determinant of the decision to prescribe cholesterollowering treatment (2) . In the general population, lowdensity lipoprotein (LDL) cholesterol is widely used as a proxy for future risk because LDL cholesterol levels are strongly and independently associated with risk for atherosclerotic events (3). However, the clinical benefits of statin treatment (including lower risk for myocardial infarction [MI] , stroke, and peripheral vascular events) are proportional to baseline coronary risk rather than baseline LDL cholesterol.
Low-density lipoprotein cholesterol is not suitable for assessing coronary risk in persons with CKD: Although higher levels of LDL cholesterol are associated with higher risk, dialysis patients with the lowest levels of LDL cholesterol and total cholesterol are also at very high risk for all-cause and cardiovascular mortality (4 -7), likely because of confounding by inflammation and malnutrition (8, 9) . Among persons with non-dialysis-dependent CKD, the magnitude of the excess risk associated with increased LDL cholesterol levels decreases at lower eGFRs (10) . The weaker and potentially misleading association between LDL cholesterol and coronary risk among those with lower levels of kidney function (who are at the highest absolute risk for coronary events) argues against the use of LDL cholesterol for identifying CKD patients who should receive pharmacologic cholesterol-lowering treatment.
Coronary risk is often assessed using the 10-year incidence of coronary death or nonfatal MI. There is no consensus on the level of future coronary risk that is sufficient to justify cholesterol-lowering treatment, but in the judgment of the work group, a 10-year risk for coronary death or nonfatal MI that exceeds 10% is a reasonable working definition. The 10-year risk for coronary death or nonfatal MI among CKD patients older than 50 years (both men and women) is consistently greater than 10%, even in those without diabetes or previous MI (Appendix Table 4 , available at www.annals.org). In contrast, the 10-year risk for coronary death or nonfatal MI among CKD patients aged 50 years or younger is low in those without diabetes or previous MI-although it is higher than in otherwise similar persons without CKD.
Together, available evidence argues against the use of LDL cholesterol to identify patients with CKD who should receive cholesterol-lowering treatment and suggests focusing instead on 2 factors: the absolute risk for coronary events and evidence that such treatment is beneficial. This is the approach taken in the recommendations that follow (summarized in the Figure) . The 10-year risk for coronary death or nonfatal MI in persons who are non-dialysis-dependent, have eGFRs less than 60 mL/min/1.73 m 2 , and are aged 50 years or older is consistently greater than 10%. Therefore, in the judgment of the work group, knowledge of LDL cholesterol is not required to gauge average coronary risk in this population. Although multivariable prediction instruments may yield more precise estimates of risk for patients, the work group judged that the increased simplicity of an age-based ap- Boxes represent recommendations about whether to prescribe a statin regimen. Boxes with dark and medium green fill represent strong recommendations; lighter green and white boxes represent weak recommendations. Recommended statin regimens are shown in Table 1 and include statin monotherapy or statin/ezetimibe for those with CKD stage 3a to 5 and statin monotherapy for all other CKD populations. CKD ϭ chronic kidney disease; HD ϭ hemodialysis; PD ϭ peritoneal dialysis.
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SHARP (Study of Heart and Renal Protection) showed that simvastatin-and-ezetimibe combination therapy reduced the risk for major atherosclerotic events (coronary death, MI, nonhemorrhagic stroke, or any revascularization) compared with placebo in persons with GFR categories G3a to G5 (11) . These data are supported by post hoc analyses of randomized trials of statin versus placebo that focus on the subset of participants with CKD at baseline. In general, these analyses suggest that statins reduce the relative risk for cardiovascular events to a similar extent among patients with and without CKD but that the absolute benefit of treatment is larger in the former because of the greater baseline risk (12) .
The work group concluded that the combination of findings from SHARP, post hoc analyses of randomized trials from the general population (focusing on the subset with CKD), and the large body of evidence from the general population trials (including persons with and without a baseline history of coronary disease) collectively justify a strong recommendation. Most patients with CKD and eGFRs of 60 mL/min/ 1.73 m 2 or greater have albuminuria and slightly reduced or normal eGFRs; many such patients would have been included but not recognized in randomized trials of statins done in the general population because many such trials did not assess the presence of albuminuria at baseline. The benefit of statin monotherapy seems to be similar in persons with and without albuminuria (13, 14) .
Given these data, the high cardiovascular risk among persons with CKD and eGFR categories G1 to G2, and the large body of evidence supporting the efficacy of statins in the general population, the work group judged that a strong recommendation was appropriate. Although the absolute rate of such events is lower among persons with CKD who are younger than 50 years, the coexistence of other risk factors substantially increases the rate of coronary death or nonfatal MI. In the subset of CKD patients younger than 50 years with diabetes or previous vascular disease (MI, coronary revascularization, stroke, or transient ischemic attack), the 10-year risk for coronary death or nonfatal MI is 12.2% (95% CI, 9.9% to 15.0%).
Similarly, some CKD patients aged 18 to 50 years may not have diabetes or previous vascular disease but yet have several cardiovascular risk factors that substantially increase their risk for future coronary events. Because unequivocally elevated LDL cholesterol levels are associated with increased risk for coronary events in persons with CKD (although to a lesser extent than in the general population), increased LDL cholesterol levels should be considered when estimating coronary risk in CKD patients younger than 50 years. The 10-year incidence of coronary death or nonfatal MI may be estimated by using any validated risk prediction tool (15) (16) (17) (18) (19) . Although these instruments tend to overestimate future coronary risk, most do not explicitly consider the presence of CKD and thus such overestimation should be less pronounced in CKD populations.
Patients whose 10-year risk for coronary death or nonfatal MI is less than 10% could choose to receive statin treatment if they place relatively more value on a small absolute reduction in the risk for cardiovascular events and relatively less value on minimizing the risks for polypharmacy and drug toxicity. However, patients valuing the potential benefits of statin treatment to a lesser extent than Three large randomized trials (11, 20, 21) have not shown a conclusive benefit of statin treatment (alone or in combination) among prevalent dialysis patients-leading to speculation that inadequate statistical power is responsible for the apparent lack of benefit. Even if statins truly do prevent cardiovascular events in prevalent dialysis patients, the magnitude of any relative reduction in risk seems substantially smaller than in earlier stages of CKD (12), although this may still translate into a clinically meaningful absolute benefit (22) . Therefore, in the judgment of the work group, initiation of statin treatment is not recommended for most prevalent hemodialysis patients. However, patients may reasonably choose statin treatment if they are interested in a relatively small, uncertain reduction in cardiovascular events. Because high LDL cholesterol levels may increase the likelihood of benefit from a statin in a patient receiving dialysis (albeit to a lesser extent than in someone with normal kidney function) (23) , patients who meet this criterion may be more inclined to receive a statin, recognizing that the benefit remains uncertain. Other factors that may influence a patient's decision to receive a statin could include recent MI or greater life expectancy (both favoring treatment) and more severe comorbidity or higher current pill burden (both favoring nontreatment).
2.3.2:
In adults already receiving statins or statin/ ezetimibe combination at the time of dialysis initiation, we suggest that these agents be continued. (2C) Available trials do not directly address the question of whether statins should be discontinued in patients initiating dialysis, who may be systematically different from patients with kidney failure receiving dialysis. However, 2141 of SHARP patients (34%) without kidney failure at baseline commenced dialysis during the trial and were analyzed in the nondialysis group-in which overall benefit was observed (11) . Therefore, SHARP could be interpreted as demonstrating that initiating a statin regimen in patients without kidney failure (and continuing treatment if kidney failure occurs) is beneficial, whereas initiating statin treatment in prevalent patients receiving dialysis is of uncertain benefit. In the judgment of the work group, it is reasonable to continue statins in patients who are already receiving them at the time of dialysis initiation, recognizing that the magnitude of clinical benefit may be lower than in patients with non-dialysis-dependent CKD. Physicians should consider periodically reviewing the clinical status of patients receiving dialysis (to assess the factors favoring treatment and nontreatment, noted previously) and revisiting the decision to prescribe statins as required.
Given the lack of direct evidence that statin treatment is beneficial in dialysis patients, this recommendation is graded as weak. Discontinuation of statin or statin with ezetimibe may be warranted in patients who place a relatively low value on a small potential relative reduction in cardiovascular events and a relatively high value on the risks for polypharmacy and drug toxicity. (24), and an unblinded extension study found that receiving fluvastatin was associated with a significant reduction in the original primary outcome after 6.7 years of follow-up. In the judgment of the work group, the apparent benefits seen in ALERT are consistent with the effects of statins in the general population and suggest that statins are beneficial in patients with a functioning kidney transplant. However, the nominal lack of statistical significance in the primary analysis and the existence of a single randomized trial favor a weak recommendation.
RECOMMENDATIONS RELATING TO THE ASSESSMENT OF LIPID STATUS IN ADULTS WITH CKD
1.1: In adults with newly identified CKD (including those treated with chronic dialysis or kidney transplantation), we recommend evaluation with a lipid profile (total cholesterol, LDL cholesterol, HDL cholesterol, triglycerides). (1C)
Dyslipidemia is common but not universal in persons with CKD. The major determinants of dyslipidemia in CKD patients are GFR, the presence of diabetes mellitus, severity of proteinuria, use of immunosuppressive agents, method of renal replacement, comorbidity, and nutritional status (25) .
Initial evaluation of the lipid profile mainly serves to establish the diagnosis of severe hypercholesterolemia or hypertriglyceridemia and potentially rule out a remediable (secondary) cause if dyslipidemia is present ( Table 2 ). The lipid profile should ideally be measured in the fasting state; if not feasible, nonfasting values provide useful informa-
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Synopsis of Clinical Practice Guideline on Lipid Management in CKD www.annals.orgtion as well (26), but fasting specimens will be needed if significant lipid abnormalities are found, especially severe hypertriglyceridemia (26 -28). The precise levels of serum or plasma lipids that should trigger specialist referral are not supported by evidence, but in the opinion of the work group, fasting triglyceride levels greater than 11.3 mmol/L (1000 mg/dL) or LDL cholesterol levels greater than 4.9 mmol/L (190 mg/dL) should prompt consideration of (or specialist referral for) further evaluation.
There is no direct evidence indicating that measurement of lipid status will improve clinical outcomes. However, such measurement is minimally invasive, relatively inexpensive, and has the potential to improve the health of persons with secondary dyslipidemia. In the judgment of the work group, these considerations justify a strong recommendation despite the low quality of the available evidence. Previous guidelines have emphasized treatment escalation to achieve specific LDL cholesterol targets by increasing the dose of statin or combination therapy (29, 30) . The implicit but unproven hypothesis associated with these recommendations is that more intensive regimens will reduce cardiovascular risk without increasing adverse events. An additional weakness of this approach is that it will lead to underutilization of statins in CKD patients with low LDL cholesterol, who are at very high cardiovascular risk (31) . Given the lack of data to support this approach in populations with and without CKD (32), the substantial within-person variability in LDL cholesterol measurements (33) and the potential for medication-related toxicity (including direct effects on muscle and liver, and indirect effects mediated through drug interactions), this approach is no longer recommended for CKD populations and the decision to prescribe statins is based on 10-year risk for coronary events (see the Recommendations Relating to Pharmacologic Cholesterol-Lowering Treatment in Adults section). Because higher cardiovascular risk rather than elevated LDL cholesterol levels is now the primary indication to initiate or adjust lipid-lowering treatment in CKD patients, follow-up monitoring of LDL cholesterol (after an initial measurement) may not be required for many patients-especially given normal variability in LDL cholesterol levels over time, which reduces the clinical utility of follow-up measurements (34) .
In the judgment of the work group, follow-up measurement of lipid levels should be reserved for instances in which the results would alter management. Potential reasons to measure LDL cholesterol (or the lipid profile) in persons with CKD after their initial presentation may include assessment of adherence to statin treatment, change in renal replacement method or concern about the presence of new secondary causes of dyslipidemia ( Table 2) , or assessment of 10-year cardiovascular risk in patients younger than 50 years who are not currently receiving a statin (because knowledge of LDL cholesterol in this case may suggest that a statin was required-see recommendation 2.2).
In the judgment of the work group, it is unnecessary to measure LDL cholesterol in situations in which the results would not (or likely would not) change management ( Table 3) . For example, patients already receiving a statin (or in whom statin treatment is clearly indicated or not indicated based on changes in their cardiovascular risk profile or clinical status) would not require follow-up LDL cholesterol measurements because the results would not alter treatment. Likewise, because the association between LDL cholesterol and adverse clinical outcomes is weaker in persons with CKD than in the general population, the value of measuring LDL cholesterol to assess prognosis is uncertain.
There is no direct evidence that routine follow-up of lipid levels improves clinical outcomes or adherence to lipid-lowering therapy. In fact, random within-patient variation in serum cholesterol levels is substantial (Ϯ 0.8 mmol/L [Ϯ 30 mg/dL] for total cholesterol)-and therefore, such follow-up measurements may not reliably indicate good or poor compliance (34) . However, some patients may prefer to know their lipid levels during follow-up or may respond favorably to such knowledge (for example, with better adherence to recommended statin use). In the judgment of the work group, these considerations favor an ungraded statement.
DISCUSSION
The evidence highlights the limitations of LDL cholesterol as a marker of cardiovascular risk in persons with Clinical Guideline Synopsis of Clinical Practice Guideline on Lipid Management in CKD CKD, as well as the high baseline cardiovascular risk in this population. These considerations argue against the use of LDL cholesterol as the primary determinant of statin prescription in CKD populations. How then should statin regimens be selected and adjusted in persons with CKD? Guidelines for management of dyslipidemia in the general population recommend that the statin dose is titrated to achieve the target level of LDL cholesterol, which in turn is determined by each patient's presumed coronary risk (35). This approach (often termed "treat-totarget") is widely accepted, although it is not directly supported by the results of clinical trials. Instead, existing randomized trials have compared statin and placebo or compared higher and lower doses of statin (regardless of achieved LDL cholesterol). Taken together, available evidence suggests that higher statin doses produce greater clinical benefits but at the expense of an increased risk for adverse events.
Whether the treat-to-target strategy is the optimal way to reduce cardiovascular risk in the general population is a topic of intense debate. Data to assess the safety of more intensive lipid-lowering treatment in persons with CKD is insufficient. However, it is known that CKD patients are at high risk for adverse events attributable to other medications, perhaps because of the reduced renal excretion, frequent polypharmacy, and high prevalence of comorbidity in this population.
Given the potential for toxicity with higher doses of statins and the relative lack of data evaluating the safety of these regimens in advanced CKD, the work group suggests that prescription of statins in persons with eGFR less than 60 mL/min/1.73 m 2 or renal replacement therapy should be based on regimens and doses that have been shown to be beneficial in randomized trials done specifically in this population ( Table 1) . Patients with progressive renal dysfunction who are tolerating an alternative regimen do not necessarily need to be switched to a regimen described in Table 1 , although dose reduction based on eGFR may be prudent in patients with severe kidney dysfunction who are receiving very aggressive regimens. Given less concern about drug toxicity in the setting of better kidney function, patients with eGFRs of 60 mL/min/1.73 m 2 or greater (and no history of kidney transplantation) may be treated with any statin regimen that is approved for use in the general population. In the judgment of the work group, existing evidence does not support a specific on-treatment LDL cholesterol target and thus adjusting the dose of statin regimens based on LDL cholesterol levels is not required. This type of strategy has been termed "fire-and-forget". Potential advantages of a fire-and-forget strategy in persons with CKD include simplicity, lower resource consumption (due to less unnecessary use of LDL cholesterol testing and high-dose statin regimens), and reduced risk for side effects (due to the lower statin doses suggested in Table 1 ) (32) .
Previous studies convincingly demonstrated that the prevalence of statin use among persons with CKD who were at risk for cardiovascular events was lower than among otherwise similar persons with normal kidney function (36 -38) . We are optimistic that the current guideline will help to close this quality gap by emphasizing the high cardiovascular risk associated with CKD (regardless of LDL cholesterol levels) while also reducing complexity for practitioners and enhancing implementation.
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